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(57) ABSTRACT

A blade inspection apparatus inspects a plurality of blades
periodically disposed on a periphery of a rotating shaft of a
rotor of an engine and rotated on the rotating shaft. The
blade inspection apparatus has a borescope having an inser-
tion portion in which an observation optical system is
provided, fixtures attached to one of a plurality of external
access ports provided on the engine and fixing the bore-
scope, and dedicated for each of the external access ports,
and an identification information output portion for output-
ting identification information for identifying the external
access port to which the fixtures are attached.

15 Claims, 8 Drawing Sheets
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1
BLADE INSPECTION APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This application claims benefit of Japanese Application
No. 2013-160752 filed in Japan on Aug. 1, 2013, the entire
contents of which are incorporated herein by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a blade inspection appa-
ratus and particularly relates to a blade inspection apparatus
for inspecting a blade of an engine.

2. Description of the Related Art

Recently, in inspecting a blade of a jet engine and the like,
such a practice that an endoscope is inserted into the jet
engine, an inspection image of the blade is obtained, and the
blade is inspected is widely performed.

In the blade inspection, an inspector inserts an insertion
portion of the endoscope into a plurality of external access
ports provided in a casing of the engine, and the inspector
advances a distal end portion of the insertion portion to an
observation target portion, while he/she watches the inspec-
tion image of an inside of the engine displayed on a monitor.
That is, the inspector inserts the insertion portion into each
of the external access ports, and the inspector inspects
presence of a scratch and the like at a predetermined portion
of'the blade in the engine or over a predetermined inspection
range from the predetermined portion, while he/she watches
the inspection image displayed on the monitor.

Moreover, as disclosed in Japanese Patent Application
Laid-Open Publication No. 2007-163723, a technology in
which a fixing tool is attached to the external access port,
and the insertion portion of the endoscope is inserted into the
engine is proposed. The fixing tool is installed with two
pressing plates brought into contact with a wall surface of
the jet engine, and the insertion portion of the endoscope
apparatus is inserted and fixed to the external access port.

SUMMARY OF THE INVENTION

A blade inspection apparatus of an aspect of the present
invention is a blade inspection apparatus for inspecting a
plurality of blades periodically disposed on a periphery of a
rotating shaft of a rotor of an engine and rotated on the
rotating shaft and has an endoscope having an insertion
portion in which an observation optical system is provided,
a fixture attached to one of a plurality of external access
ports provided on the engine and fixing the endoscope, and
dedicated for each of the external access ports, and an
identification information output portion for outputting iden-
tification information for identifying the external access port
to which the fixture is attached.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view illustrating a state of an
inspection of a jet engine according to a first embodiment of
the present invention;

FIG. 2 is a perspective view illustrating an entire con-
figuration of a blade inspection apparatus according to the
first embodiment;

FIG. 3 is a diagram for explaining a state in which a first
fixture 3 and a second fixture 4 to which a borescope 2 is
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mounted, respectively, according to the first embodiment,
are attached to corresponding external access ports;

FIG. 4 is a block diagram of a blade inspection system 100
according to the first embodiment;

FIG. 5 is a diagram for explaining a state in which a first
fixture 3A and a second fixture 4A to which a plurality of
borescopes 2A and 2B which are not common, according to
the first embodiment, are mounted are attached to the
corresponding external access ports, respectively;

FIG. 6 is a diagram for explaining a configuration of a first
modification of a detecting method of identification infor-
mation in which an identification information output portion
for outputting identification information is a member having
a portion transmitting light, and an identification informa-
tion detecting portion uses a sensor for detecting transmis-
sion of the light;

FIG. 7 is a diagram for explaining a configuration of a
second modification of a detecting method of identification
information in which the identification information output
portion for outputting the identification information has a
resistor having a resistance value corresponding to the
identification information, and the identification information
detecting portion uses a sensor for detecting the resistance
value;

FIG. 8 is a diagram for explaining a configuration of a
third modification of a detecting method of identification
information in which the identification information output
portion for outputting the identification information has one
or more pins which are a plurality of projection portions for
creating the identification information, and a switch for
detecting pressing by each of the pins is used;

FIG. 9 is a diagram for explaining a configuration of a
fourth modification of a detecting method of identification
information in which the identification information output
portion for outputting the identification information has one
or more magnets for creating the identification information
and uses a magnetic detector for detecting magnetism by
each of the magnets; and

FIG. 10 is a block diagram of a blade inspection system
100A according to a second embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiments of the present invention will be described
below by referring to the drawings.

Note that, in the following explanation, the figures based
on the embodiments are schematic, and a relationship
between a thickness and a width of each portion, a ratio of
a thickness among the respective portions and the like are
different from actual ones, and even among the figures, those
with different relationships of dimensions or different ratios
might be included.

First Embodiment
System Configuration

First, a blade inspection system 100 of the embodiment of
the present invention will be described below on the basis of
the drawings.

FIG. 1 is a perspective view illustrating a state of an
inspection of a jet engine. FIG. 2 is a perspective view
illustrating an entire configuration of a blade inspection
apparatus. An engine E has, as illustrated in FIG. 1, from an
intake side toward an exhaust side, an intake portion E1, a
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compressor portion E2, a combustion portion, and an
exhaust portion (neither is shown in detail).

The compressor portion E2 is covered by a cylindrical
skin S which becomes an exterior cover. The compressor
portion E2 is an axial-flow type compressor and has a
plurality of stages, in which a low-to-medium pressure
compressor portion LMP and a high-pressure compressor
portion HP are disposed in order from the intake side toward
the exhaust side therein.

In the skin S, a plurality of or six, here, external access
ports OAP 1 to 6 are provided. The six external access ports
OAP 1 to 6 include the two external access ports OAP 2 and
3 which become mounting ports for a first fixture 3 and a
second fixture 4. At hole portions of these external access
ports OAP 2 and 3, the first fixture 3 and the second fixture
4 are attached, respectively, and mounted. In FIG. 1, only the
first fixture 3 is illustrated.

The fixture to be attached to each of the external access
ports OAP has an insertion hole Th through which an
insertion portion 11 of a borescope 2 which is an endoscope
can be inserted. The borescope 2 is inserted into the inside
of the compressor portion E2 through the insertion hole Th
of the fixture.

Therefore, an inspector can inspect a plurality of rotor
blades RB or stator vanes SV (see FIG. 3) inside the
compressor portion E2 of the engine E by the first fixture 3
or the second fixture 4 and the borescope 2 of the blade
inspection system 100.

Moreover, the endoscopic inspection is performed by
connecting a turning tool T to the engine E. The turning tool
T is an apparatus for rotating a rotating shaft AR, includes
a motor and a gearbox, and can rotate the rotating shaft AR
through a shaft (not shown).

Then, in the endoscopic inspection, while the plurality of
rotor blades are rotated around the rotating shaft AR by
using the turning tool T, the plurality of rotor blades pro-
vided on the rotating shaft AR are photographed by the
borescope 2 inserted into the compressor portion E2 and the
endoscopic inspection is conducted.

Thus, the blade inspection system 100 is a blade inspec-
tion system for inspecting the plurality of blades periodically
disposed on a periphery of the rotating shaft of the rotor of
the engine E and rotated on the rotating shaft. Then, the
blade inspection system 100 includes the borescope 2 which
is an endoscope having the insertion portion 11 in which an
observation optical system is provided, a plurality of the
fixtures 3, 4 and the like to be mounted on the external
access ports OAP different from each other of the engine E
for guiding the insertion portion 11 of the borescope 2 into
the engine E, and a personal computer (PC) 17 connected to
the borescope 2.

As illustrated in FIG. 2, the blade inspection apparatus 1
mainly has the borescope 2 as the endoscope and the
plurality of fixtures 3, 4 and the like to be mounted on a jet
engine or the like as an inspection target.

The fixture to be attached to each of the external access
ports OAP of each engine is determined in advance for each
of'the external access ports OAP. That is, each of the fixtures
is a fixture dedicated for the corresponding external access
port. A configuration of the fixture will be described later.

In FIG. 2, only two fixtures or the fixture (hereinafter
referred to as a first fixture) 3 and the fixture (hereinafter
referred to as a second FIG. 4, here, are illustrated. In the
following explanation, too, these two fixtures will be
explained as examples.

The borescope 2 is a side-view type endoscope and has a
cylindrical insertion portion 11 in which an observation
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window 14 and an illumination window 15 are provided on
a side part of a distal end portion and an eyepiece portion 12
disposed at a proximal end portion of the insertion portion
11. Note that, here, a detachable image pickup apparatus 13
is mounted to the eyepiece portion 12 of the borescope 2.
Inside the borescope 2, observing means and illuminating
means are disposed. More specifically, in the insertion
portion 11 of the borescope 2, a mirror, an objective optical
system, a relay optical system, and an LED and the like as
the illuminating means are disposed as an observation
optical system. Note that, in the observation window 14 and
the illumination window 15, transparent members such as
glass are provided.

In the eyepiece portion 12 of the borescope 2, an eyepiece
optical system for visualizing an image transmitted by the
relay optical system is provided. In the image pickup appa-
ratus 13 as a camera mounted on the eyepiece portion 12, an
image pickup optical system and a solid-state image pickup
device 21 (FIG. 4) are disposed. The image pickup optical
system forms an image of an object visualized by the
eyepiece portion 12 of the borescope 2. The solid-state
image pickup device 21 picks up an image of the object
formed by the image pickup optical system.

An image pickup signal which is a video signal photo-
electrically converted in the solid-state image pickup device
21 is outputted to a personal computer (PC) 17 via a signal
cable 16. Note that the image pickup signal from the
solid-state image pickup device 21 may be configured to be
outputted to a video processor or the like via the signal cable
16.

Since the configurations of the borescope 2 and the image
pickup apparatus 13 described above are known, detailed
explanation of the other configurations will be omitted.
(Configuration of Fixture)

Subsequently, a configuration of the fixture will be
explained. The two fixtures 3 and 4 will be mainly explained
below.

The fixture 3 has a cylindrical body portion 3a and a
fitting portion 35 to be fitted in the hole of the external access
port OAP 2. The fitting portion 35 has a shape fitted only in
the hole of the external access port OAP 2 among the six
external access ports OAP 1 to 6 of the engine E. Thus, since
the fitting portion 35 is fitted only in the hole of the external
access port OAP 2, the fixture 3 cannot be attached to the
other external access ports OAP 1 and 3 to 6 of the engine
E.

The fitting portion 35 has a projection portion 351 fitted
in the hole of the external access port OAP 2 and a bottom
surface portion 3562 matching the shape of an outer surface
of the external access port OAP 2 and to be in close contact
therewith. By fitting the projection portion 351 in the hole of
the external access port OAP 2 and by bringing the bottom
surface portion 352 into close contact with the outer surface
of the external access port OAP 2, the fixture 3 can be firmly
attached to the external access port OAP 2.

Moreover, in the body portion 3a of the fixture 3, an
identification information output portion 3¢ (FIG. 4) is
embedded. The identification information output portion 3¢
is an IC chip for RFID including a circuit for transmitting
predetermined identification information wirelessly in a
communication method conforming to a predetermined near
field communication standard, for example. Here, the iden-
tification information is a port number information of the
external access port OAP 2 to which the fixture 3 is attached
or “P2”, for example.

The fixture 4 has a cylindrical body portion 4a and a
fitting portion 45 to be fitted in the hole of the external access
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port OAP 3. The fitting portion 45 has a shape fitted only in
the hole of the external access port OAP 3 among the six
external access ports OAP 1 to 6 of the engine E. Thus, since
the fitting portion 4b is fitted only in the hole of the external
access port OAP 3, the fixture 4 cannot be attached to the
other external access ports OAP 1, 2, and 4 to 6 of the engine
E.

The fitting portion 45 has a projection portion 451 fitted
in the hole of the external access port OAP 3 and a bottom
surface portion 4562 matching the shape of an outer surface
of the external access port OAP 3 and to be in close contact
therewith. By fitting the projection portion 451 in the hole of
the external access port OAP 3 and by bringing the bottom
surface portion 452 into close contact with the outer surface
of the external access port OAP 3, the fixture 4 can be firmly
attached to the external access port OAP 3.

Moreover, in the body portion 4a of the fixture 4, an
identification information output portion 4¢ (FIG. 4) is
embedded. The identification information output portion 4¢
is a circuit for transmitting predetermined identification
information wirelessly in a communication method con-
forming to the near field communication standard, for
example. The identification information is identification
information of the external access port OAP 3 to which the
fixture 4 is attached or “P3”, for example.

Therefore, each of the fixtures to be attached to each of the
plurality of external access ports OAP 1 to 6 is a fixture
dedicated for each of the external access ports OAP for
fixing the borescope 2 which is an endoscope attached to any
one of the plurality of external access ports OAP 1 to 6
provided on the engine E. Then, the identification informa-
tion output portion provided at each of the fixtures consti-
tutes the identification information output portion for out-
putting the identification information for identifying the
external access port OAP to which the fixture is attached.

The fixtures 3 and 4 have lengths different from each other
along axial directions of the body portions 3a and 4a. That
is because an observation window of the insertion portion of
the borescope 2 comes to a position for observing a prede-
termined portion to be observed in the blade only by
attaching the common borescope 2 to each of the fixtures
even if a distance from each of the external access ports to
the position for observing the predetermined portion to be
observed in the blade as the observation target is different
from each other.

FIG. 3 is a diagram for explaining a state in which the first
fixture 3 and the second fixture 4 on which the borescope 2
is mounted, respectively, are attached to the corresponding
external access ports, respectively.

The first fixture 3 is attached to the external access port
OAP 2, and the second fixture 4 is attached to the external
access port OAP 3.

The portion of reference to be observed of the blade is a
root portion which is a root part of the blade extending in a
radial direction from the rotor, for example. Observation of
the blade is performed from such portion of reference in
many cases.

Thus, by using the dedicated fixture for each of the
external access ports as described above, only by inserting
and mounting the borescope 2 in each of the fixtures, the
observation window of the insertion portion 11 of the
borescope 2 is positioned to the position for observing a
portion which becomes a reference of the observation, and
thus, the inspector does not have to adjust the position of the
observation window of the insertion portion 11 while watch-
ing an inspection image but can start inspection of the blade
in a short time.
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More specific explanation will be given. In the case of an
engine structure illustrated in FIG. 3, by means of the
borescope 2 inserted from the external access port OAP 2, a
reference position Pcl of the observation window 14 of the
insertion portion 11 for observing the root portion which is
a reference portion is a position away from the lower surface
of the skin S by a distance L1, by means of the borescope
2 inserted from the external access port OAP 3, a reference
position Pc2 of the observation window of the insertion
portion 11 for observing the root portion which is a reference
portion is a position away from the lower surface of the skin
S by a distance L.2.

Then, in order that the reference position of the observa-
tion window of the borescope 2 coincides with the reference
position of the observation of each of the external access
ports OAP when the common borescope 2 is inserted into
different fixtures, the lengths of the body portions 36 and 45
along the axial direction are different so that a length from
the outer surface of the external access port OAP to a distal
end face of the eyepiece portion 12 brought into contact with
the fixture is different between the fixtures 3 and 4 when the
common borescope 2 is inserted into each of the fixtures 3
and 4.

In FIG. 3, when the borescope 2 is attached to each of the
fixtures, a length of a portion of the fixture 3 extending to the
outside of the engine E is LL1, and a length of a portion of
the fixture 4 extending to the outside of the engine E is L.1.2.
Here, as illustrated in FIG. 3, each of the lengths L.I.1 and
LL2 is a distance from an end face of the eyepiece portion
12 to the outer surface of the external access port OAP,
respectively.

That is, the length LL1 of each of the body portions 35 is
set such that, when the insertion portion 11 is inserted into
the insertion hole of the fixture 3, and the eyepiece portion
12 is brought into contact with the body portion 35 so that
the borescope 2 is attached to the fixture 3, the reference
position for observation of the distal end portion of the
insertion portion 11 of the borescope 2 becomes the position
Pcl which becomes a reference for observing a predeter-
mined portion (a root portion, for example) of the blade by
the borescope 2 inserted from the external access port OAP
2.

Similarly, the length L2 is set such that, when the
insertion portion 11 is inserted into the insertion hole of the
fixture 4, and the eyepiece portion 12 is brought into contact
with the body portion 45 so that the borescope 2 is attached
to the fixture 4, the reference position for observation of the
distal end portion of the insertion portion 11 of the borescope
2 becomes the position Pc2 which becomes a reference for
observing a predetermined portion (a root portion, for
example) of the blade by the borescope 2 inserted from the
external access port OAP 3.

Therefore, the inspector does not have to perform the
prior-art cumbersome operation of inserting the insertion
portion 11 to the position for picking up an image of the
portion which becomes the reference for observation of the
blade while watching an inspection image displayed on a
monitor but can perform that in a short time.

The two fixtures 3 and 4 are explained as above but the
same applies to the other fixtures. That is, each of the fixtures
is a dedicated device corresponding to the external access
port determined in advance, and the reference position for
observation of the borescope 2 in the engine coincides with
the position for observing the portion which becomes the
reference for observation of the blade for each of the
external access ports OAP to whichever fixture the common
borescope is inserted.
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FIG. 4 is a block diagram of the blade inspection system
100.

The borescope 2 includes the image pickup device 21, a
radio signal receiving circuit 22, a control portion 23, and
two communication interface circuits 24 and 25. The image
pickup device 21 is provided in an image pickup apparatus
13, receives light from an object via various optical systems
in the insertion portion 11, photo-electrically converts the
light and outputs an image pickup signal to the communi-
cation interface circuit 25.

The radio signal receiving circuit 22 is a circuit for
receiving a signal of the identification information transmit-
ted wirelessly from the identification information output
portions 3¢ and 4c¢ of the fixtures and for outputting the
received signal to the control portion 23. Thus, the radio
signal receiving circuit 22 constitutes a detection portion for
detecting and receiving the identification information.

The control portion 23 outputs a driving signal for driving
the image pickup device and also outputs the identification
information received from the radio signal receiving circuit
22 to a signal line 16a of a signal cable 16 via the
communication interface circuit 24.

The communication interface circuit 25 outputs an image
data signal created by converting the image pickup signal
received from the image pickup device 21 to a digital signal
to a signal line 165 of the signal cable 16.

That is, the identification information output portions. 3¢
and 4c¢ are provided in the fixtures 3 and 4 and output the
identification information wirelessly, and the borescope 2
has the radio signal receiving circuit 22 which is a radio
receiving circuit for wirelessly receiving the identification
information outputted from the identification information
output portion and outputs the identification information to
the PC 17 which is an external apparatus.

Note that explanation of a component other than the
above described constituent elements such as an illumina-
tion driving circuit will be omitted, here.

The PC 17 includes a control portion 31, a communication
interface circuit 32, and a storage device 33.

The control portion 31 includes a central processing unit
(CPU), a ROM, a RAM and the like and records image data
together with the above described identification information
received via the communication interface circuit 32 in the
storage device 33 composed of a hard disk apparatus and the
like.

The control portion 31 records the inspection image
obtained by the blade inspection in a predetermined storage
region in the storage device 33 by executing a predetermined
processing program stored in the ROM or the storage device
33.

(Operation)

Subsequently, an operation of the blade inspection system
100 of this embodiment will be described.

The fixture transmits a signal of the identification infor-
mation transmitted wirelessly from the identification infor-
mation output portion. The borescope 2 transmits the iden-
tification information received from the fixture to the PC 17.

As described above, the identification information is for
example a port number of the external access port OAP on
which the fixture is mounted. Since each of the fixtures is a
device dedicated for the corresponding external access port
OAP, the identification information output portion of each of
the fixtures holds and outputs the identification information
such as the port number of the external access portion OAP.

Thus, the PC 17 can associate the received inspection
image with the external access port OAP to which the image
relates on the basis of the received identification information
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of the fixture and store it in the storage device 33. That is,
the PC 17 can store the inspection image associated with the
received identification information of the fixture in a folder
created in advance in the storage device 33 or store the
identification information included in each of the inspection
images in the storage device 33.

Note that in the above described example, the identifica-
tion information of each of the fixtures is supplied to the PC
17 via the borescope 2 but each of the fixtures and the PC
17 may be configured such that the identification informa-
tion is transmitted to the PC 17 from each of the fixtures via
a signal cable different from the signal cable 16. In other
words, it may be so configured that each of the fixtures
outputs the identification information outputted from the
identification information output portion 22 to the PC 17
which is an external apparatus.

Furthermore, the above described blade inspection appa-
ratus 1 is configured such that the insertion portion 11 of the
borescope 2 is inserted into the external access port OAP of
the engine by using the common borescope 2 and then, the
distal end portion of the insertion portion 11 can be posi-
tioned at a position for picking up an image of the portion
to be observed in the blade in a short time, but each of the
fixtures does not have to be configured as such.

Moreover, in the above described example, the common
one borescope 2 is inserted into the plurality of fixtures 3, 4
and the like, but separate borescopes may be inserted into
each of the fixtures.

FIG. 5 is a diagram for explaining a state in which the first
fixture 3A and the second fixture 4A to which the plurality
of borescopes 2A and 2B which are not common are
attached are mounted on the corresponding external access
ports, respectively.

In FIG. 5, lengths of the insertion portions 11 of the
borescopes 2A and 2B are different. The length of the
insertion portion 11 of the borescope 2A is 1.3, and the length
of the insertion portion 11 of the borescope 2B is [.4. Even
to a case as FIG. 5, the blade inspection apparatus of this
embodiment can be applied.

Moreover, the above described identification information
output portion is an IC chip for holding and wirelessly
transmitting identification information data, but the identi-
fication information output portion may be a circuit or the
like that can be read by the borescope 2 via an electrical
contact with a resistor having resistance values different for
each of the external access ports OAP, combination infor-
mation of on/off set by a DIP switch or the like.

Subsequently, modifications of detection of the identifi-
cation information using an output portion capable of detect-
ing with an optical detector, an output portion capable of
detecting an electrical resistance value, an output portion
capable of outputting a mechanical operation, and an output
portion capable of detecting with a magnetic detector as the
identification information output portion will be explained.

A first modification is a detection example of identifica-
tion information using the optical detector. FIG. 6 is a
diagram for explaining a configuration of the first modifi-
cation of the detecting method of identification information
in which the identification information output portion for
outputting the identification information is a member having
a portion transmitting light, and an identification informa-
tion detection portion uses a sensor for detecting transmis-
sion of the light.

As illustrated in FIG. 6, a rod 101 which is a rod-shaped
projection portion is provided on proximal end faces of the
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fixtures 3 and 4. A hole 102 into which the rod 101 as the
identification information output portion can be inserted is
formed in the borescope 2.

In the rod 101 which is an identification rod, one or more
holes 101a indicating the identification information are
formed. In the case of FIG. 6, two holes 101a are formed,
and the hole 101a is formed on second and fourth portions
from the left. The portion of the hole 101a transmits light,
while a portion without the hole 101a does not transmit
light. The rod 101 can hold and output 4-bit information as
the identification information by setting “1” to the portion
transmitting light and “0” to the portion not transmitting
light or the like. Since the identification information is 4-bit
information, 16 types of the fixtures can be identified.

In the hole 102, a plurality of (four, here) light detecting
portions 103 are provided. The light detecting portion 103 as
the identification information detecting portion has a plu-
rality of light emitters 103a which are a light emitting device
such as a light emitting diode and a plurality of light
detectors 1035 such as a photo-diode. The plurality of light
emitters 103a and the plurality of light detectors 1035 are
connected to an identification information detection circuit
104. The identification information detection circuit 104
drives the plurality of light emitters 103a, receives inputs of
a plurality of light detection signals from the plurality of
light detectors 1035, and creates the identification informa-
tion and outputs it to the control portion 23 on the basis of
the inputted plurality of light detection signals.

That is, the rod 101 which is the identification information
output portion for outputting the identification information
is a member having the portion transmitting light and the
portion not transmitting light, and the detecting portion for
detecting the identification information is the plurality of
light detectors 1035 for detecting presence of transmission
of light applied to the portion transmitting the light and the
portion not transmitting the light.

The rod 101 and the hole 102 are provided on the fixtures
3 and 4 and the borescope 2, respectively, so that the rod 101
is inserted into the hole 102 when the borescope 2 is
mounted on the fixture 3.

If there is the hole 1014 provided in the rod 101, each of
the light detectors 10356 detects the light from the corre-
sponding light emitter 103a and outputs a light detection
signal, while if there is no hole 101a provided in the rod 101,
since the light from the corresponding light emitter 103a is
not detected, the light detection signal is not outputted. In the
case of the configuration of this modification 1, the identi-
fication information of the identification information output
portion can be detected in a non-contact manner. Thus, since
the one or more holes 101a corresponding to the identifi-
cation information of the fixtures are formed in the rod 101,
the control portion 23 can acquire the identification infor-
mation of the fixture from the output of the identification
information detection circuit 104.

A second modification is a detection example of identi-
fication information using an electrical detector. FIG. 7 is a
diagram for explaining a configuration of the second modi-
fication of a detecting method of identification information
in which the identification information output portion for
outputting the identification information has a resistor hav-
ing a resistance value corresponding to the identification
information, and the identification information detection
portion uses a sensor for detecting the resistance value.

As illustrated in FIG. 7, two electrical contacts 111 are
provided on the proximal end face of the fixture 3 or 4.
Inside the fixture 3 or 4, a resistor 112 having a resistance
value corresponding to the identification information of its
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borescope 2 is provided, and both ends of the resistor 112 as
the identification information output portion are connected
to the two contacts 111.

On the borescope 2, two electrical contacts 113 are
formed. The two contacts 113 are connected to an identifi-
cation information detection circuit 114 as the identification
information detecting portion. The identification informa-
tion detection circuit 114 detects a resistance value between
the two contacts 113 and outputs the detected resistance
value data to the control portion 23.

That is, the identification information output portion for
outputting the identification information includes the resis-
tor 112, and the identification information detection circuit
114 as the detecting portion for detecting the identification
information is a resistance value detection circuit for detect-
ing the resistance value of the resistor 112.

When the borescope 2 is mounted on the fixture 3, the two
contacts 111 and the two contacts 113 are brought into
contact with each other, and the identification information
detection circuit 114 outputs the detected resistance value
data. Since the identification information is the resistance
value, a large number of types of fixtures can be identified.
Thus, since the resistor 112 built in each of the borescopes
2 has a resistance value corresponding to the identification
information, the control portion 23 can acquire the identi-
fication information of the fixture from the output of the
identification information detection circuit 114.

A third modification is a detection example of identifica-
tion information using a mechanical detector. FIG. 8 is a
diagram for explaining a configuration of the third modifi-
cation of a detecting method of identification information in
which the identification information output portion for out-
putting the identification information has one or more pins
which are a plurality of projection portions for creating the
identification information, and a switch for detecting press-
ing by each of the pins is used.

As illustrated in FIG. 8, one or more rod-shaped pins 121
are provided on the proximal end faces of the fixtures 3 and
4. In the borescope 2, a plurality of holes 122 into which the
pins 121 as the identification information output portion can
be inserted is formed, and on a bottom portion of each of the
holes 122, a switch 123 as the identification information
detecting portion is provided. Outputs of a plurality of (four,
here) switches 123 are connected to an identification infor-
mation detection circuit 124.

The one or more pins 121 indicate the identification
information by positions and numbers, and one or more pins
121 corresponding to the identification information are
provided on the fixtures 3 and 4.

The switch 123 provided in each of the holes 122 is a
micro switch having a highly reliable mechanical mecha-
nism, for example. The identification information detection
circuit 124 detects ON/OFF states of the plurality of
switches 123, creates the identification information on the
basis of the detected states and outputs it to the control
portion 23.

The plurality of pins 121 and the plurality of holes 122 are
provided on the fixtures 3 and 4 and the borescope 2,
respectively, so that, when the borescope 2 is mounted on the
fixture 3 or 4, each of the pins 121 is inserted into the
corresponding hole 122.

That is, the identification information output portion for
outputting the identification information has a projection
portion, and the detecting portion for detecting the identi-
fication information is a switch for detecting presence of the
projection portion.
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When each of the pins 121 is inserted into the correspond-
ing hole 122 and presses the switch 123, the information
detection circuit 124 detects the ON states corresponding to
the positions of the one or more pins 121 provided on the
fixtures 3 and 4. If the switch 123 is not pressed by the pin
121, the information detection circuit 124 detects the OFF
state. Thus, since the one or more pins 121 corresponding to
the identification information of the fixture are formed on
the fixtures 3 and 4, the control portion 23 can acquire the
identification information of the fixture from the output of
the identification information detection circuit 124.

A fourth modification is a detection example of identifi-
cation information using a magnetic detector. FIG. 9 is a
diagram for explaining a configuration of the fourth modi-
fication of a detecting method of the identification informa-
tion in which the identification information output portion
for outputting the identification information has one or more
magnets for creating the identification information, and a
magnetic detector for detecting magnetism of each of mag-
nets is used.

As illustrated in FIG. 9, one or more magnets 131 having
N-S polarity in an axial direction of the insertion portion 11
are provided on the proximal end faces of the fixtures 3 and
4. In the borescope 2, a plurality of magnetic detectors 132
such as Hall devices corresponding to the one or more
magnets 131 provided on the proximal end faces of the
fixtures 3 and 4 are provided. Outputs of the plurality of
(four, here) magnetic detectors 132 are connected to an
identification information detection circuit 133.

The magnet 131 has the polarity of N-S and indicates the
identification information by the polarity, and the plurality of
(four, here) magnets 131 having the polarities corresponding
to the identification information are provided on the fixtures
3 and 4.

The identification information detection circuit 133
detects the outputs of the plurality of magnetic detectors
132, creates the identification information on the basis of the
detected output and outputs it to the control portion 23.

The plurality of magnets 131 and the plurality of magnetic
detectors 132 are provided on the fixtures 3 and 4 and the
borescope 2, respectively, so that each of the magnets 131
gets closer to the corresponding magnetic detector 132 when
the borescope 2 is attached to the fixture 3 or 4.

When each of the magnets 131 gets closer to the corre-
sponding magnetic detector 132, the information detection
circuit 133 detects the polarity of each of the magnets 131
provided on the fixtures 3 and 4.

Note that creation and detection of the identification
information are performed on the basis of the polarity of the
magnet, here, but the creation and detection of the identifi-
cation information may be performed on the basis of pres-
ence of the magnet.

That is, the identification information output portion for
outputting the identification information includes the mag-
net 131 and the detecting portion for detecting the identifi-
cation information is the magnetic detector 132 for detecting
the polarity or presence of the magnet.

In the case of the configuration of this modification 4,
such merits are provided that the configuration is not only
non-contact and difficult to be broken but also is resistant
against stains. Thus, since the plurality of magnets 131
having the identification information of the fixture are
provided on the fixtures 3 and 4, the control portion 23 can
acquire the identification information of the fixture from the
output of the identification information detection circuit 133.

As described above, according to this embodiment, the
blade inspection apparatus can be provided which can
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eliminate necessity of an input of information on from which
external access port an inspection image is obtained by
means of insertion for the inspection image obtained by
inserting the endoscope into a plurality of external access
ports.

Second Embodiment

In the blade inspection apparatus of the first embodiment,
the borescope 2 and each of the fixtures are constituted
separately, but in a blade inspection apparatus of a second
embodiment, the borescope 2 and each of the fixtures are
integrally constituted.

In this embodiment, the same constituent elements as
those of the components of the blade inspection system 100
in the first embodiment are given the same reference numer-
als, and the explanation will be omitted. The blade inspec-
tion system of this embodiment has a configuration similar
to that of the first embodiment, and a different point is that
each of the fixtures is fixed to the borescope 2 and integrated.

FIG. 10 is a block diagram of a blade inspection system
100A according to this embodiment. In a blade inspection
apparatus 1A of this embodiment, a fixture 3x (or 4x)
corresponding to the fixture 3 (or 4) explained in the first
embodiment is fixed to the borescope 2.

The fixture 3x (or 4x) is fixed to the eyepiece portion 12
of the borescope 2. As illustrated in FIG. 10, the fixture 3x
(or 4x) to be attached to the external access port OAP 2 (or
OAP 3) is fixed to the eyepiece portion 12. Appearances of
the fixtures 3A and 4A to which the borescopes 2 are fixed
are the same as the appearance illustrated in FIG. 3 or FIG.
5.

Then, in this case, an identification information output
portion 3¢ (or 4¢) is provided on the borescope 2. In the case
of FIG. 10, it is provided on the eyepiece portion 12.

An operation of the blade inspection apparatus 1A of this
embodiment is the same as the operation of the blade
inspection apparatus 1 of the first embodiment. Thus, since
the PC 17 can receive the identification information for
identifying the external access port OAP, the PC 17 can store
an inspection image associated with the received identifica-
tion information of the fixture in the storage device 33 or
store the identification information included in each of the
inspection images in the storage device 33.

Note that in the case of this embodiment, the identification
information transmitted to the PC 17 may be the identifica-
tion information of the borescope 2. In that case, by storing
information on a correspondence relationship between the
borescope 2 and the external access port in the storage
device 33 of the PC 17, the control portion 31 can determine
from the received identification information of the bore-
scope 2 to which external access port OAP the inspection
image relates.

As a result, the control portion 31 can write the number
of'the external access port or the like in the inspection image
or a folder on the basis of the identification information of
the endoscope.

As described above, according to this embodiment, a
blade inspection apparatus can be provided which can
eliminate necessity of an input of information on from which
external access port an inspection image is obtained by
means of insertion for the inspection image obtained by
inserting the endoscope into a plurality of external access
ports.

The invention described in the above described embodi-
ment is not limited to the embodiments and modifications,
but in addition to that, various modifications can be put into
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practice within a range not departing from the gist in a
practical stage. Moreover, the above described embodiment
includes inventions in various stages, and various inventions
can be extracted by appropriate combinations in a plurality
of disclosed constituent requirements.

What is claimed is:

1. A blade inspection apparatus for inspecting a plurality
of blades periodically disposed on a periphery of a rotating
shaft of a rotor of an engine and rotated on the rotating shaft,
the apparatus comprising:

an endoscope having an insertion portion in which an
observation optical system is provided;

a plurality of fixtures, each of the plurality of fixtures
being dedicated for a respective one of a plurality of
external access ports provided on the engine and being
configured to be attached to the one of the plurality of
the external access ports, for fixing the endoscope; and

a plurality of identification information output portions,
each of the plurality of fixtures being provided with a
respective one of the plurality of identification infor-
mation output portions,

wherein each of the plurality of identification information
output portions holds identification information for
identifying the external access port to which its respec-
tive fixture is to be attached, and outputs the identifi-
cation information.

2. The blade inspection apparatus according to claim 1,
wherein the endoscope has a detecting portion which detects
the identification information outputted from the identifica-
tion information output portions and outputs the identifica-
tion information to an external device.

3. The blade inspection apparatus according to claim 2,
wherein the identification information output portions out-
put the identification information wirelessly; and

wherein the detecting portion is a radio receiving circuit
for wirelessly receiving the identification information.

4. The blade inspection apparatus according to claim 2,
wherein each identification information output portion is a
member having a portion transmitting light and a portion not
transmitting light; and

wherein the detecting portion is a light detector for
detecting presence of transmission of the light applied
to the portion transmitting light and the portion not
transmitting light.

5. The blade inspection apparatus according to claim 2,
wherein each identification information output portion
includes a resistor; and

wherein the detecting portion is a resistance value detec-
tion circuit for detecting a resistance value of the
resistor.
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6. The blade inspection apparatus according to claim 2,
wherein each identification information output portion has a
projection portion; and

wherein the detecting portion is a switch for detecting

presence of the projection portion.

7. The blade inspection apparatus according to claim 2,
wherein each identification information output portion
includes a magnet; and

wherein the detecting portion is a magnetic detector for

detecting a polarity or a presence of the magnet.

8. The blade inspection apparatus according to claim 1,
wherein each fixture outputs the identification information
outputted from its respective identification information out-
put portion to an external device.

9. The blade inspection apparatus according to claim 1,
wherein a plurality of the endoscopes are provided, each
endoscope being integrally constituted with a respective one
of the plurality of fixtures.

10. The blade inspection apparatus according to claim 1,
wherein the identification information is a port number of
the external access port to which the fixture from among the
plurality of fixtures is to be attached.

11. The blade inspection apparatus according to claim 1,
further comprising an external device for receiving the
identification information,

wherein the external device stores an inspection image in

a storage device while associating the inspection image
with the external access port based on the received
identification information.

12. The blade inspection apparatus according to claim 11,
wherein the external device stores the inspection image in a
folder created in the storage device based on the received
identification information.

13. The blade inspection apparatus according to claim 11,
wherein the external device stores the inspection image in
the storage device, with the inspection image including the
received identification information.

14. The blade inspection apparatus according to claim 1,
wherein each the plurality of fixtures has a shape corre-
sponding to the respective one of the plurality of external
access ports for which it is dedicated, the shapes being
different from each other; and

wherein each of the plurality of fixtures has a length along

an axial direction of a body portion thereof based on the
respective one of the plurality of external access port
for which it is dedicated, the lengths being different
from each other.

15. The blade inspection apparatus according to claim 1,
wherein each identification information output portion out-
puts its identification information when the insertion portion
is attached to the endoscope.
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